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SUMMARY Of- Ttt£ ISVEKTIOBI 



It is sn object of the invention ta provide 3 circumferential ablation device assembly, and rsiatsd method of 
re ami use, which ablates a circumferential region of tissue at a location where s pulmonary vain mentis 
from an atrfem by abiatively colliding an ablative fluid medium withm an expandable membet to the circumferential 
region of tissue across a circumferential band which circumscribes on intermediate region of the expandable member 
and engages the circumferential region of tissue when the expandable member is expanded. 

it is another object of the invention to provide such a circumferential ablation device assembly, and related 
method's ef use and manufacture, wherein the intermediate regian of the expandable member's working length is 
constructed at least in eart of a porous f lueropoiymer material. 

It is a further abject of the invention to provide such an expandable member with the porous fiuaropoh/mer 
material along the intermediate region and also with first aod second end portions of the working length that do not 
include a f iuorcpaiymer. 

It is another abject of the invention to provide a etrcwnf erentiaf ablation device assembly, and related 
methods of manufacture and use, which abiatively coapies an ablation element to only a region of tissue engaged to 
art intermediate region between two end portions along a working length of afl expandable member. 

it is another object of the invention ta provide a mediae! device assembly which ablativeiy couptes so ablstise 
fltf medium from within an expandable member to only a region of tissue engaged ta oaiy a fluid pemteafais section along 
the working length of the expandable matte. 

It is a tether object of the invention to provide a circumferential ablation device assembly, and related 
methods at use and manufacture, that includes a halioon with elastomer* first and second end portions afaoQ its 
working length and also with a fluid permeable circumferential band circumscribing an intermediate region between 
these end portions. 

It is a further abject of the invention ;o provide a circumferential ablation device assembly, and related 
methods of use and manufacture, that includes a bailoert having a fluid permeable fluerepolymer that is integral along 
the balloon's working length and includes an insulator aa each of two end portions of the working length such that 
only a circumferential band circumscribing an intermediate region between tits end portions is left permeable, it is s 
further object to provide such a balloon with the two end portions impregnated with a filler as Raid insulation, 

it is a further object ef the invention to provide a eireaatfeteatiai ablation device assembly, and related 
methods el use and manufacture, that includes an expandable member having a working length contracted of an 
elastomers; wall that ts constructed to be fluid permeable along osiy a circumferential band which circumscribes an 
intermediate region located between two end portions of the warkisg length. 



It is a farther object 



n device assembly, ami f 



methods of use and manufacture, that includes a balloon with a f iuoropofymeric material that is integral along the 
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Furthermore, a fluid ablation element, such as a wail which is porous or has a discrete port {or a pktraiiiy af 
ports) whicrt is flutdly coupled to a fluid delivery source, may be adapted is couple an ablation medium to the tissue far 
Nation. In one aspect, the DM ablation element may infuse the ablation medium, such as a fluid containing alcohol 
directly into the tissue adjacent to the wail in order to substantia^ alter the nature of that tissue. In another aspect, 
tha fluid ablation slament may supply rad t ofrsq«8«cv or ether mode of electrical current to the tissue by electrically 
coupling an aiettricai ablation element to the tissue vis an ablation medium which is an stoically conductive fluid, 
such as far example an ionic fluid which may be, in one illustrative variation, hypertonic saline. Moreover, tha terms 
"ablation medium" are intended to mean a medium that cooperates with one or more of the assemblies harem 
described in order to directly couple to end ablate the intended tissue. 

The terms "porous" n "permeable", including derivatives thereof, are herein used iatetchsngeaeiy and sre 
intended to mean a materia! wail construct™ having sufficient void vote to aiiow a substance to permeate into and 
aerass the wait, including allowing for such substrate to etude through and out from the wail, such as by weeping or in 
fluid jets, or ay merely "rtmhW the substrate into the void volume in the wail alteram substantial flow of the 
substrate completely through and from the wall is substantially limited or even prevented. Examples of "pdreas* at 
-penmate* materials for the purpose of illustration include without limitation; a materia! well with inherent veld 
volume upon formation of the wall; a material wail that is not mhmentiy purou* but with apertures formed 
therethrough such as for example by mechanical drilling or laser/optical driflmg; and a materia! wai! with chemically 
formed void volume. 



One circumf aremial ablation element design which is believed to provide a highly useful embodiment of the 
prmm invention is shown in Figure 2. As described in further detail below, this and other circumferential ablation 
element designs are behoved to be particularly useful for tissue aMatWM along a region where a pulmonary vain 
extends from a left atrium in the treatment of atrial fibrWen. As shown in Retire 2, the design includes a 
circumferential ablation member 1200) with two insulators (202.204) that encapsulate the proximal and distal ends, 
respectively, of the working length I of an expandable member 1210!. In the particular emhadiment shown, the 
insulators (202,2041 m distinct layers of material that cover a baite sfem (212) of balloon or expandable member 
(210). By providing these spaced insulators, a circumferential band (203) of uninsulated baiioan skin is located 
between the opposite insulators. 

The expandable member (2101 as shown in Figure 2 is joined at its proximal end to elongate body (201) that 
extern* pmrieal to the expandable member 1210). Um particularly. Figure 2 shows the expandable member (210) 
ami the elongate bmiy (201) as being integrally formed, with the elonptt body (201} extending from the expandable 
member am to the proximal mi of the device euisfcte of the patient (not shown!. The distal end of the expandable 
member (210) is mounted to moor member (22H which extends through the elongate body (201} and expandable 
member 1210) to the proximal end of the device. A lumen within the inner member 1221} allows passage of a 
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q »,„(„ w i fe , as described in further detail below. The lumen defined between the elongate body (291) and the inner 
member (221 J prov;des a passageway tor fluids useri in ablation ami/or inflation of balloon {210). It will as 
appreciated thai other designs may also be used for the rireumfwential ablation member. For instants, the 
expandable member (210) need not be integral with the efanaete tody PL and may be separately mounted. 

it is further noted that this easbotiift^ent is net limited to a particular placement of the ablation element. 
Rather, a circumforomial ban.;; may be formed anywhere along the working length of &e oxpandebie member arid 
circumscribing the longitudinal axis of the expandable member as previously described. 

The bsfifwfi construction shown in figure 2 forms att RF ablation electrode. An electrode (220) is prodded en 
inner member (221) am! is coupled to an ablation actuator shown at ratfofwqaency CRH current source (2301 via 
electrical lead (225), thereby forming an internal current source within balloon (213). RF currant source (230) is 
coupled to both the Rf electrode element and also a around patch (295) which is in skirt contact with the patient to 
complete en RF ablation circuit. A porous membrane such as an expanded Itorepoiymar, and mora particularly an 
expanded pelytetratiuotoethySene material, comprises the entire balloon skin (212) of expandable member 1210), The 
pomes skin 12121 may be constructed according to several Afferent methods, such as by forming holes in an 
otherwise contiguous polymeric notarial including mechanically drilling or using laser energy, or the porous skin tnay 
simply be an inherently permeable material with inherent void volume forming pores for permeability, as will ha 
developed according to more particular illustrative embodiments below. 8y Mutants the proximal and distal end 
tertians of the working length af the expandable member as shown in Figure 2, only the pores etna the 
circumferential band af the uninsulated intermediate region are allowed to abiativeiy couple the ateetroiyta which 
carries an ablative RF current into tissue. This uninsulated intermediate region thus forms a permeable section, while 
the insulated regions of the expandable member are non-permeable sections. 

it will further be appreciated that in the itemed embodiment where the balloon (2101 is integral with the 
elongate body 1201 L the elongate body (201) Is nonporeus to prevent fluid from passim; through the wail af the 
elongate body (201) before reaching the hallaon chamber. In another embodiment, the insulator (202) may attend 
aver the elongate body (201) to insulate the elongate body 1201). further details regarding methods and apparatus for 
making a device permeable in certain portions and non-permeable In other portions arc descried below. 

According to operation of the Figure 2 assembly, an ablative fh»d medium that is electrically conducts, 
such as for example a hypertonic saline solution, passes from a source (240) and into the internal chamber defined by 
the skin and outwardly into the porous wail of the balloon skin slang the intermediate region Hfttft the solution directly 
couples to tissue. By electrreaSiy coupling the fluid within the porous balloon skin to sn RF current source (230) via 
electrode 1220), the pomes region ttf the expandable member functions as en RF electrode wherein RF current flows 
outwardly into the tissue engaged by the balloon via the conductive fluid absorbed into the porous intermediate region 
of the wail. 

The ablation actuator mechanism for the overall assembly, such as including current source (230S, may also 
i include or be coupled to a monitoring circuit inet shown) and/sr a eontrsf circuit (not shewn} which together use either 
20 
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the electrical parameters of the flf cffci.it or tissue parameters sash as temperature In a feedback centre! loop to drive 
carrent tluaugn the ^sctroda element during ablation. Also, where a plurality of ablation eiemems or electrodes ft) 
one abiation eierosm are used' if switching means may lie used to multiplex ilia FSF entreat mxt e h. 
elements or electrodes. 

in additicn, one further illustrative embodiment foot stows! which is aisa contemplated provides as outor 
skirt with the selectively poraus intermediate region externally of artpther, separate expandable member, such as a 
separate sxpamlabt^ mm. wherein the conductive fluid coupled to a current source is contained in a region between 
the aiiter skin and the expandable member contained therm 

r-igure 2 broadly illustrates an ablation balloon eanstructkro wherein an ablative surface is provided along the 
antita working length of an expandable member, but the surface is shielded or insulated from releasing ablative energy 
intfi surrounding tissues except for aiong an unshielded or uninsulated eguatetiai hand. As such, the insulator 
embodiment contemplates ether ablation elements which are anvided along the entire working length of an 
expandable member and which are insulated et their ends to selectively ablate tissue only about an uninsulated 
equatorial band. Other Ftf electrode arrangements are also considered suitable for use according to the selectively 
Mated ablation hsiioon embodiment shown in Figure 2. in one further iterative example, a metallized bailoen 
includes a conductive balloon skin wherein the electrical insulators, such as polymeric coatings, are positioned ever or 
under seen end of the working length and thereby selectively ablate tissue with electricity flawing through ttw 
uninsulated equatorial band. The balloon skin may itself he metallised, such as by mixing conductive metal, including 
bat not limited to gold, platinum, or silver, with a polymer to form a compounded, canductive matrix as the balloon 
skin. Or a discrete electrode element may be secured onto an outer surface of the balloon skin, such as in the 
embodiment whan an expandable balloon is placed within an enter skin of selected porosity as just described above. 
In snotffer example, the parous aspects of the circumferential hand are beneficially applied in a 



element mode, wherein a chemically ablative tod medium ' 



n 3lceho me < absorbed within the 



wail of the circumferential band and coupled to the tissue engaged to the band for ablation, 

in the alternative, or in addition to the 8F electrode variations just described, fhs 
member provided by the ablation balloon desenbed may also include other ablative energy sources or sinks, end 
parttcuiariy may include a thermal conductor that circumscribes the outer circumference of the working length of an 
expandable member, examples of suitable thermal conductor arrangements include a metallic element which may, lor 
example, be constructed as previously described for the more detailed RF embodiments above. However, m the 
thermal conductor embodiment such a metallic element would to generally either restively heated in a closed Seep 
circuit internal re the catheter, or inductively tested by a heat source coupled to the thermal conductor. In the latter 
case el conductive heating of the thermal conductor with a heat source, the expandable member may be, for example, 
a polymeric balloon skin which is inflated with a tod that is heated either by a resistive cad or fey bipolar 8F current, 
in any case, it is believed that a therms! conductor sn the outer surfsee of the expandable member is suitable when it 
is adapted to heat tissue adjacent thereto to a temparatare between 40deg and 80deg Celsius. 

21 
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The various alternative ablation elements such as tbess just described may further incorporate As various 
athar embodiments such as methods of mantfaeiura or use described below, and fail within the present inveatitm. 

It is further contemplated that the iasaiawts describe may he only partial ami still provide the faiativsiy 
isolated ablative tissue coupling along the circumferential band. For instance, in the eamiuctiye RF stectrade balloon 
case, a partial eiectttcei insulator wilt allow a substantial component of current to flow through the uninsulated 
partfoa due to a "shortim?" response to the lower resistance in that region, in soother illustrative instruction, balloon 
sfcin {2125 may be thermally conductive to surrounding tissue when inflated with a heated fluid which may eantssii a 
radiopaque agent saline fluid, ringers lactate, combinations thereof, or afher known (yds having acceptable heat 
transfer properties far these purposes. 

Rmn 2 further shows use of a electrode element {220} as a radiepaqus marker ta identify the location of 
the aqiismiai band 12031 in order to facilitate placement at that band at a selected abiation region of a pttaonary 
vein vis X-ray visitation. Bestrode element {220} is apaaue uader X-ray, and may be constructed, for example, el a 



radiopaque motel such as gold, platinum, or tungsten, or may comprise < 



polymer such as a metai loaded 



polymer. Figure 2 shows eiactrede element (220) positioned coaxiaily over an inner tunvlar member {221} which is 
deluded in 3 coaxial catheter design as would ha apparent to me of ordinary skill. The present invention 
contemplates the combination of such a radiopaque marker additional!? in the other embodiments heroin shown and 
described. To note, when the circumferential abiation member which forms an equatorial hand includes a metallic 
strode element, such electrode may itself be radiopaaee and may not reqeire use of a separate marker; Moreover, 
various contemplated designs do not require positioning oi the electrode f.2201 exactly along the hand region, and 
there* ore such electrode may be replaced with a simple radiopaque market in order to retain the ability ta locate the 
band within tha body via X-rsy visualization. 

The expandable member of the embodiments shown may take one of several different forms, although the 
expandable member is generally heroin shewn as art inflate balloon that is coupled to an expansion actuator which 
is a pressutizeable fluid source. The expandable member forms a fluid chamber which communicates with a fluid 
passageway (not shown in all the figures! that extends proximally along the elongate catheter body and terminates 
proximal!? if! a proximal fluid port that is adapted ta couple to the pressuweable fluid source. 

The embodiment of Figure 2 describes the expandable member {2101 as being a balloon made of a purees 
finaropelyiner. such as en expanded poiytetraiiaoteethylene Material It «f« be appreciated that various other 
materials may also be suitable for the balloon, or portions of the balloon, as described for the various embodiments 
herein. Severs! possible balloon materials are described below. These materials may have inherent porosity as would 
he known to one of skill in the art, or may he made porous according to several different methods, such as forming 
holes in an otherwise contiguous polymeric material 

in one expandable balloon variation, the balloon or portion thereof may be constructed of a relatively 
kininstic poWn»r Slic h as a polyethylene ITf; Preferably linear low density or high density or blend. IteraoO. 
pelyolefin copolymer (TCI polyethylene terspthaiate {"PET"}, peiyimide.. or a nylon material. In fi 

n 
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Figures 3A-8 ilitmrete such an additional variation of the tissue ablation device assembly 1300) wherem an 
ablation balloon 13 10) is i>nnefi«3«y secured over a steeraale delivery member (302) which may be similar for example 
to deflectable tip electrode e«het« andior according to various stssrahla cardiac eiectrophysiology snapping 
catheters, such as those knawn in the art, Outer member (381! is shown eaaxtstty disposed over staarabfe delivery 

5 member (3025 such thai permeable band {303} of baiiaan {310} provided by eater sheath (301} is diseased around 
electrode (320] provided on the steerable delivery member {3(12}. teftattea device 1340} is fiuidiy coupled with the mm 
Mi chanter farmed i balloon (310) and include a pressor 1 scarce of an ablative medium such as eiet 1 
conductive fluid. An ablation actuator which in the Figure 3A embodiment is Bf current searca 1330} is coupled with 
electrode (3201. Furthermora. tip aieetroda mapping/actuator assembly {314} is also shown eoupied with tip electrode 

1 o (310) via tifj electrode lead (313), further to the particular variation shown in Figures 3A-B, the distal end of p Awe 
(311} is schesnsttcally shewn to lie secured to the distal and of the steerahie ttefivery member 5301}, whereas the 
proximal sad of fmliwire (3111 is shown cauptad to deflection actuator {314} which is adapted to eoMraiiaiily provide 
forces mi pullwire {311} such that the distal end of assembly {300} is deflected or shaped as desired far torsional 
steering. 

! s Bolton (3101 is secured to the outer surface (321} of stearabla delivery member (302) via bond (305} such 

that a fluid tight seat is provided and further such that baton (3105 and steerable delivery member (302} are in s fixed 
relationship to each other such that they may be manipulated and csntroliably positioned together vis transcattteist 
techniques, in a preferred mode for use shown in figure 38, assembly (3001 is shown delivered into a left atrium 
through a transeptai sheath {350}, wherein it is shaped (illustrated by double headed arrows in Figure 38} ami 

20 positioned within a pulmonary vain. More specifically, band {3031 is engaged ta circumferential region of tissue (370) 
in order to ablativeiy couple electrode {320} through band {303} and to tissue (370) via the ablative fluid medium 
asserted into the wall of band (303), 

The electrode (320! need m be positioned exactly along hand (3031 relative ta the iong axis of device 
assembly (3001 in order to electrically couple the electrode to fluid and thereby to She band and tissue surrounding the 

25 band. However, as electrode (320) is preferably a radiopaque material such as a metal, and considering an increase in 
impedance when moving electrode (320) further away from band {3031 the embodiment shown Is believed to be highly 
beneficial. If another electrics! source were provided such that there were no electrode (320) within aalletm {310}, 
then a separate f aPiopague band may be provided at a similar location where electrode (320) is shown in Figure 3A in 
order to provide a marker to position band 1303) where desired, such as along circumferential region of tissue (370S as 

30 shown in fipre SB. 

The figure 4A-C embodiment provides a steetable efectrade eatheterJbAwn assembly (400) that differs 
font the Figure 3A-C embodimeat in that the stsetahle delivery member {402} in Figures 4A-C is movaably engaged 
within at) interior passageway of a separate outer member {401} that provides balloon (410) in a separate sheath 
assembly that surrounds steerabie deiivery member {402K Section A in Figure 4A indicates the portion of the sutar 
35 member (401 ) that does not expand when filled witft fluid, white Section 8 in figure 48 defines the balloon portion 

26 
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Bgurss T2A D show various modes of porous iiuerepeiymer, or mors speeificaily pofytatrafSeafoethylene 
{mil which is behoved to be a highly beneficial material for use in the assemblies m methods according to the 
present invention, ana i« pafttcetar the parous circumferential bans embodiments. More SimaficaEty, exps^sd FTFE 
as shown at porous material {1200} geaeralfy includes a plurality of nodes 51202) and imercenneeting fibrils {1284! 
which farm a network. In the figure 12A variation, between these nodes ami fibrils are voids {1208) which provide 
the porosity or permeability desired for a partieuiar application of the ablation asseisbifss and methods of the prasent 
tsveuiion. It Will bs appreciated that any el a number of different pore sizes may ba appropriate depending en the 
particular application. Accordingly, the specific material used for the application may he selected fram a variety of 
ewwnstcisily available materials having different pore s«es. 

As further shown in Figure 128. the voids (1208) may also be fied wrth a idler {1208! such that 
asftneahiiity is attenuated os completely blacked. U.S. Patent No. 5.753,358 to Korieski. and U.S. Patent Mo. 
5.766,750 to Kofissk;. the entirety of both ai which are harsby incorporated hy reference, discless an adhesive 
composite material comprising an expanded fiueropoiymor with nodes and interconnected fibrils, the fkrorcpoiymer 
having a void voiumo which is at least partially filled by any of a number of filters. Any of the Biocompatible and 
nontoxic fillers disclosed in these patents may be appropriate for use in accordance with the embodiments of the 
present invention. Such a construction may he appropriate for the methods of manufacturing an ablation balloon as 
shown and described above by reference to Figures 5A-E. for example, a starting material according to Figure 12A 
may he provided far the method illustrated hy reference to figures 5A ami C, wherein inter-mediate region (883) is 
masked white filler {1208} fills ali the void volumes along end portions (502.504). The result is a construction aleng 
intermediate region <SQ3) thai is consistent with figure 12A, but a construction along end portions {502,504) that is 
consistent with figure 12B. In contrast, the whole balloon may he filled in a construction consistent with figure 128 
and than tha filler selectively moved from only the intermediate portion (503), yielding a similar result just described. 

A comparison of figures 12C and D also further illustrates a selective porosity embodiment along a 
contiguous fluotopolymoric balloon construction fftuoropolymer integral along whole working length of balloon}, such 
as according to the method shown and described by reference to Figures SA-Q. Mors specifically considering the 
structure shown in figure 120 by reference to figures SA-fJ, end portions {602,804) shown in Figures 6C or 0 may 
have a material construction consistent with for example the denser, less expander! region of compacted nodes {1202) 
designated by their distance 91 in Figure 12D. The porous region {803} however would be representative ol tha more 
expanded region designated by the utser-nodule distance 02 in Figure 120. Thus, hy providing varying regions of 
density end material "expansion" along the bsfloon marking length, the selected intermediate region of permeability for 
aMstion may be achieved. 

The embodiments just described ore believed to he particularly useful in catheter assemblies which are 
Specifically adopted lor ablating tissue along a region where a pulmonary vein extends from a left atrium in the 
treatment of atrial fmrillatisn. Therefore, (ha assemblies and methods of the present invention are also contemplates 
fur use in combination with, or where appropriate in the alternative to, the various particular features end 
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element at an ablation region of the mmmw veift where the cifcumfesBtial conduction i;i«ck is ta as desirably 
formed 

Figure 1 3ft shows a circtMsrehttal ablation device system (1300} according to one embodiment of tha 
present invention during use as jttst described, which circumferential ablation system (1300! includes a piding 
catheter (1 3011, pidewire (13021 and circumferential sbfation catheter (1303), 

Mora specilieally, Rprs 1 3A shows guiding catheter (1301) subsequent to performing s transeptai accass, 
and also shows guidewire 11302) subseqoeat to advancement and positioning within a pulmonary vein, figure 13A 
shows circumferential ablation catheter 113035 as it tracks eoaxiaily aver pidewire 11302) with a distal gtttdawire 
tracking member, which is specifically shown only in .part at first and second distal gaidewire ports (1342,1344) 
located on the distal end sort«>n (13325 of art elongate eathater body {1330). A pidewire lumen tot shown) stands 
between the first and second distal guidewe ports (1342,1344) sod is adapted to slideably receive and track wet 
the pieswiro. in the particular variation of Figure 13A. tha second dista! guidewire pert {1342} is located on a distal 
end portion (1 332} oi the elongate catheter body {1330}, although sroximaily of first distal guidewire part {1342). 

As would be apparent ta one of ordinary skill tfw distal guidewire tracking member conti9ureik» shown to 
figure ISA and just described has the following attributes normally associated with "rapid exchange" or "menofai" 
catheters according to persons of ordinary skill For example, such assembly may be easily sfthatty cabled ta the 
guidewire externally of the body ta a "baekieading" technique after tha gatdawire is first oositioaed in the pimonary 
vein and without the need for extra long wires. Furthermore, this guidewire tracking variation removes tha need for a 
guidewire lumen in the proximal portions af the elongate catheter body (13301 which allows for a reduction, in the 
outer diameter of tha catheter shaft in that region. Nevertheless, a catheter according to tha invention may instead 
incorporate a design which places the second distal gaistewire port on at proxkai end portion of the elongate 
catheter body, as would ha normally associated with "aver-tbe-wire" catheters according to one of ordinary ski. 

In addition, the inclusion oi a guidewire i n the elongate body between first and second 

potts, as provided in Figure 13A, should not limit the scope of acceptable guidewire tracking members according ta 
the present invention. Other gaidewire tracking members which form a bora adapted to slideebly receive and track 
ever a guhtewfe are also considered acceptable, such as, far example, tha structure adapted to engage a pidewire as 
described in U.S. Patent No. 5,505,702 to Atnsy. *o entirety of which is hereby incorporated by reference herain. 

While the assemblies and methods shown variously throughout the Frgttres include a pidewire coupled ta a 
pidewire tracking member en the circtrrnferentraf ahiatirm catheter, other detailed variations may also he suitable for 
positioning the circamfeteBttal ablation element at the ablation region « order to form a circumferential conducts 
block there. For example, an alternative circomferaatta! ablation catheter not shown may include a "fixed-wire'-type 
of design wherein a pidewire is integrated into the ablation catheter as one unit In another alternative assembly, the 
mm type of sub-selective sheaths described above with reference to U.S. Patent No. 5378,788 to Swam for 
advancing a gaidewire into a pulmonary vera may also ha matte advancing s cfrcBmienmtial ablation catheter device 
across the atrium end into a pulmonary vein. 
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conduction block in the region of the pulmonary vein ostium {US4| subsequent ta actuating the circ 
abiatiur* element to form trig circumferential lesion, 

!ti addition to conforming ta the pulmonary vein ostium, expandable member (147® is also shown in figure 
148 to engage a circumferential path si tissue gfoag the ¥t posterior atrial wail which smtmte ostium [UMi 
Motm*. circumferential band !14S2! at the circumferential ablautm member is also thereby adapted to ongot* that 
atrial will tissue, Therefore, tin circumferential conduction block farmeti acmdKKj ta dn method shown ami i»si 
desctibwi m Mquental steps by reference ta Figures 14A-8, as shown in-part i« Figure 14C, includes afttimi *e 
eircumferenhat path of atrial wall Sssue which surrounds osuum S14S41 Accord.mjiy, the entire pulmonary vein, 
including taa ostium, is thereby electrically isolated from at least a substantial patten of the Sett atr,a! wail which 
includes the other of the pulmonary vain ostja, as would ha apparent to one of ordinary skill according ta ths 
sequential method stuas shown m flares t4A.fi and by further reference to the renting circumferential tea 
{1472) shown in Figure 14C. 

The les«on shown in Figure 14C isolates tha pulmonary vein, put is {armed by ablating tissue surrounding the 
pulmonary vein although whda also within the pulmonary vein. It * further contemplated that such lesion may be 
farmed onlv aiann tha posterior Soft atrial wall ann surrounding tha pulmonary veto ostium, without also ablating tissue 
along the kmtea or fining of the pulmonary vein or ostium, depending upon the particular shape fll the balloon andior 
position and geometry of the ablative band along that aster, in one aspect of this embadimar.t, the compliant nature 
of the askable member may be self-conforming ta the region of the ostium such that the circumferential barf is 
placed against this atrial wall tissue merely by way af conformably, s 

Awarding to a further example, a pear-shaped baiiaan with a distafiy reducing outer diameter may p was a 
"forward-looking" face which, with the attain band provided along that farward-faoking face, is adapted to advance 
against such atria! wail tissue and ablate there. Such a pear shape may he preformed into the expandable member Of 
balloon, er the mamaer may be adapted to torrrs this shape by way ot comroiw ubhuimhm. ? 
example by the use of composite structures within the baiiaan construction. In any case, according to the 
; shaped variation, the circtitnfsrentiai band of the ablation member is preferably placed along the surface of tha 
contoured taper which is adapted to face the left posterior atrial wail during use, such as far example according to the 
method illustrated by Figures 14A-8, 

Figures 1BA-C show such a pear-shaped ablation balloon in a circamfereniial ablation member assembly 
adapted to electrically isolate a pulmonary vein and ostium from a substantial portion of the left posterior atrial wall, 
3 «!**> embodiment isolates the pulmonary win without also ablating tissue aiann, the lumen or lining of the pulmonary 
weia er ostium. 

In more detail, figure ISA shows circumferential band 1.1552') ta have a geometry (primarily widthl and 
positiert along expandable member (1570') such that it is adapted to engage only a circumferential path of tissue along 
the left posterior atrial wall which surrounds the pulmonary vein ostium. In one aspect of this embodiment, the 
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length expands so a relatively large outer diameter as the ostium becomes atrium. Htwm&t, waist U723) with its 
retted diameter allows the assembly to seat at the thicker ostium with ablation element {17305 weR positwned ta 
abiatively couple through expandable member 11720! sad into the circumferential remon of tissue along the ostium, 
such as for example according to the casta embodiments with a penmate encumferential band as described above. 

Various particular materia! constructions may be used for a balloon such as just described for figure 17, to 
addition to particular ablation efementJaxpandabie member configurations, and stiii benefit by the "peanut" or waistad 
balloon shape with regards to pulmonary vein ostium ablation, if, particular with regards to material construction, 
other a substantially compliant or efastemeric baSSoon material, or a substantially nan-compiiant or non-elastemarie 
variety may be used. Or. a combination balloon construction with elastotnenc/campgatrt and noneiastomatictav 
compliant regions along She working length, such as herein described, may he suitable. 

In addition, iiartous modifications of the respective s«es and dimensions for the end portions and reduced 
diameter intermediate waist region are aiso contemplated. For example. Figure 18 shews a further iteration of a 
"waisted" balloon snape for circumferential ablation member (1810), and ia particular shews distal shoulder 11624} af 
expendable member or balloon 11820} having a steeper angled taper C1824') onto the distal adaption to the underlying 
catheter body (18011 than is shown for taper (18221 between catheter body (18011 and proximal shoulder (18221. 



This illustrates that the dimensions a 1 I poi tier, of the assembly may 



be desirably as blunt as possible, 



whereas certain pulmonary veins have been observed to quickly branch or otherwise narrow in close prosimity to the 
ostium and thereby prevent the distal end oi the ablation device to he advanced very far through the respective os for 
ablation. Thus, the steeper distal taper (1824'} allows the wais! region 11823), including in various particular 
20 embodiments the ablative circumferential hand coupled te the ablation element (18371, to be placed as totally as 
possible an the underlying catheter bedy {18015 ta ensure the ability to ablate the as. 

Figures 18*21 show various uses of multiple expansion elements in order to assist in the proper positioning 
oi the ablation element ami respective expandable member for ablative coupling te a circumferential region oi tissue 
where a pulmonary vein extends from an atrium. 
25 More particularly, Figure ISA shows a circumferential ablation member (tSQO) with an expandable member 

(19101 ana an ablation element (13401. Expandable member {iStQJ includes en outer tubular wall (18121 which 
surrounds each of two spared inner expansion elements {1920,1930}. According to this coniipraien. inner 
expansion elements {1920.1930} are located alone. *» S8CW)d 68(1 P° ftioi ' s a ' € si the WOfkin8 !i!R9th 1 ef 
expandable member (1010). 

30 The proximal inner expansion element {1920S Is shown m Figure ISA as a balloon which is «diy coupled to 

a source of inflation fluid via port {1322}, whereas distal inner expansion element {1938} is ais« shown as a balloon 
and is fiuidiy counted to a source of milatinn fluid via pert {10321. Prexrma! inner vpmm element ,19201 is 
adapted to expand to a larger outer diameter 8 than the enter diameter for distal expansion eiement (1S30S, and 
thereby the overall expandable neuter {1919} results in an overall tapered shape and in particular imparting a taper 
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9, The assembly of claim ?, wherein the elastomer exhibits ai least about s 400% elastic expansion 
bates yield. 

10, The assembly of claim 8, wherein the baton has a profile in the radially collapsed condition which 
is between about 0.485 and 3.962 millimeters, inclusive, and the expanded outer diameter is between about IS ami 

5 25 millimeters, also inclusive. 

11, The assembly of claim I whewm the intermediate region forms a circumferential bund whtefe 
circumscribes ibs working length. 

1 2, The assembly of clam 1 5 . wherein the circumferential bent! has a band length relative to the 
longitudinal axis and which is substantially shorter than the working length, 

s o 13. The assembly of claim 12, wherein the band length is lass than about twethifds the working 

length, 

14, The assembly of claim ! , wherein the elongate body further comprises: 
a Stain" passageway extending between a proximal pott, which is located along the proximal end portion and 
is adapted to couple to the ntessumeabia fluid source, and a distal port, which is located along the distal end portion 
i 5 and through which the fluid passageway is iluiriiy coupled to the chamber. 

18. The assembly of claim 1, wherein the expandable member further comprises: 
first and second expandable elements along the first and second end portions, respectively, and also includes 
a permeable membrane with two opposite end portions engaged to the first and second «:<s at* and also 

with an intermediate portion extending between the first and second expandable elements, the chamber being formed 
20 at least its-part by the first and second expandable elements and the permeable membrane such that the intermediate 
portion of the personable membrane terms if- .it »n t to region nf the expandable member. 

18, The assembly nf i is sod expandable elements are adapted to 

expand primarily by stretching and wherein the intermediate portion is adapted to expand primarily by unfolding. 

1 7, The assembly of claim 1 5, wherein at least one of the expandable elements is an inflatable balloon, 
25 18. The assembly of claim 1 , wherein the working length has a proximal end and 3 distal end and also 

has a tapered shape with a distaily reducing outer diameter from the proximal end to the distal end. 

tg. The assembly of claim 1 8, wherein the tapered shape is "pear" -shaped and has a contoured 
surface between the proximal end and the distal end, the intermediate region being positioned along the contoured 
surface adjacent the proximal end, 
30 20. The assembly of claim 1 , further comprising an electrical current source which is adapted to 

electrically couple to an ablation electrode in an fiF ablation circuit ssreh that entreat flows from the electrical current 
source, tbrouflh the ablation electrode, info the volume of ablation medium within the chamber, through the 
intermediate region, into the substantia! ponton of tbeetreumfefemiai region of tissue, and i«io a return electrode 
coupled to the patient and also to the electrical current source. 
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medium, the intermediate region having sn sstpantied outer diameter which is adapted to crump a substantia! porthm 
of the circumferential region of tissue, the intermedia* region comprising a porous fiuOTfiaSymst which is mlMm^ 
permeable to allow a volume of ablation medium within the chamber to be abiatrvely eeupled to the substantial portion 
of the ctaHffitawtial fngson of tissue engaged by the intetmeiate reyimt, and the first ami second end sssrtteas heists 
substantially nafi-permsabie to substantially prevent the volume of ablation medium within the chamber from 
abiatweiy coupling to tissue direct!? across the first and second ead portions. 

88. A tissue ablation device assembly for ablating a circumferential region of tissue at a location where 
a pulmonary vein extends from an atrium, comprising: 

art elongate body with a proximal and portion ami a distal end portion; 
a circumferential ablation member with an expandable member having first and second end portions with 
first and second expandable elements, respectively, and also an intermediate region between the first and second end 
portions with an eater skin extending between the first and secerrd expandable elements such that a fluid chamber is 
farmed at feast in part by the first end second axpandabls elements mi the outer skin, wherein the fluid chamber is 
adapted to be tatty coupled to a pressure source of fluid, end the outer skin has a permeable section Ati is 
substantially permeable to a volume o! fluid within the chamber. 

88 The assembly of claim 88, wherein the circumferential ablation member further comprises an 
ultrasound ablation element 

m. The assembly of claim 88, wherein the circumferential ablation member further comprises a 

thermal sblstiart element. 

91 , Tiie assembly of claim 88, wherein the circumferential ablation member further comprises a 

cryogenic ablation element. 

32. The assembly of claim 88, wherein the circumferential ablation member further comprises a light 

emitting ablation element 

§3. The assembly of claim 88, wherein the circumferential ablation member further comprises s 
microwave ablation element. 

34. The assembly of ciaim 88, wherein the circumferential ablation member further comprises a fluid 

ablation element. 

95. The assembly of claim 88, wherein the circamfereiitiat ablation member further compress an 
electrical ablation element. 



52 



WO 00/36237 



I / 21 



PCT/US60/0727I 




FIG. *€ 



WO 08/5623? 



2 / 21 



PCT/US60/07271 




WOWS6237 



3 / 21 



PCT/USOO/0727S 




\mwmm 



4 / 21 



nmmmmnn 




W0Ofi#«J7 



5 / 21 




WO 00/5623? 



6 / 21 




WO 00/56337 



? / 21 



rcrr/usoe/07Z7i 




WO 00/56237 



8 / 21 




WO 00/5623-7 



9 / as 



pcr/usoe«ran 




WO 00/5623? 



10 / 21 



PCI7tJS00/»72?t 



DEFLATED BALLOON 




wo tmismi 



U I 21 



PCT/US0W2?* 





WO 00/56237 



12 / 21 



PCTAJSOO/07271 




FIG. 'iA 



WOee/56237 



13 / 21 




FIG. n& 



WO 6*86237 



14 / 21 



PCT/US00/87271 




WO 00/5623? 



16 / 21 



PCT/USOO/67275 




WO 08/5^23? 



17 / 21 



pcrmmmnn 




FIG. ml 



WO 00/56237 



18 / 21 




19 I 21 



KT/USOS/07371 




FIG. 



wom/smi 



20 / 2! 



PC17US0W9T27I 




WO 08/56237 



21 / 21 



PCT/US06/07271 




